The role of dietary arginine in affecting nitrogen utilisation and excretion was studied in juvenile European sea bass (Dicentrarchus labrax) fed for 72 days with diets differing in protein sources (plant protein-based (PM) and fish-meal-based (FM)). Fish growth performance and nitrogen utilisation revealed that dietary Arg surplus was beneficial only in PM diets. Dietary Arg level significantly affected postprandial plasma urea concentrations.
The use of protein-rich plant ingredients such as soy protein derivatives, maize and 12 wheat glutens has received increasing attention as potential substitutes for fish proteins in 13 practical feeding of European sea bass (Ballestrazzi et al., 1994; Oliva-Teles et al., 1998;  growth performance and N retention although this has not always given them a definite 23 advantage over standard fish meal diets (Tibaldi et al., 2004) even if almost total 24 replacement of fish meal by plant protein sources in the diet of sea bass has been obtained 25 without adverse effects on growth or N utilisation (Kaushik et al., 2004) . This suggests that 26 supplementation of plant protein-based diets should not be limited only to the first limiting
27
EAA and that should be given consideration to overall amino acid balance. After lysine,
28
arginine is one of the most limiting EAA in certain protein-rich plant ingredients such as 29 maize and wheat gluten. Hence supplementing diets, based largely on these ingredients,
30
with arginine, might improve growth and nitrogen retention and conversely reduce N waste 31 as a result of a better dietary amino acid balance.
32
There are other possible ways by which arginine supplementation could be beneficial 33 in improving growth and nitrogen retention and these are not limited to plant protein diets. In 34 salmonids, there is experimental evidence that arginine acts as secretagogue of insulin 
Experimental diets 17 18
We used five pelleted diets whose composition is shown in Table 1 . The first basal the theoretical EAA needs (Kaushik, 1998) . The arginine level in diet P1 (1.6 g/100 g) was
26
kept close to the optimal dietary level for this species (i.e. 1.8 g/100 g in maize gluten based 27 diets providing 7.4% N, Tibaldi et al., 1994) . The remaining two diets (P2 and P3) were 28 based on diet P1 and crystalline L-arginine was added so that the dietary levels of this amino 29 acid were the same as those supplied by diets F1 and F2. Apart from arginine, the EAA 30 profile of the diets compared favourably with the amino acid profile of fish whole body
31
(Kaushik, 1998). All diets were kept isonitrogenous (7.5 % DM) and L -arginine was 32 supplemented in replacement of L-glutamic acid. The comparative slaughter technique was adopted for evaluating changes in whole 25 body composition and measuring nitrogen gain in fish subjected to the different dietary 26 treatments. Whole body composition was determined on a pooled sample of ten fingerlings 27 at the beginning and on pools of five fish per tank at the end of the growth trial. Specimens
28
for whole body analysis were sacrificed using an excess of anaesthetic (MS222) and were 29 kept frozen until analysis.
30
At the end of the growth trial, blood and liver samples were taken from randomly 31 selected fish at 0 and 6 h after the morning meal in order to measure plasma levels of N Measurements of total ammonia and urea-nitrogen excretions were carried out in a 11 thermoregulated (23 ± 0.2 °C), UV-treated, marine (salinity 34 g/l) closed system consisting 12 of 6 tanks (individual capacity 55 l) designed according to the original layout described by
13
Cho et al. (1982) . Tanks were each stocked with 30 fish (1.52 ± 0.2 kg total biomass) 14 randomly selected from those remaining in each dietary group at the end of the growth trial.
15
A 4-week adaptation period during which each fish-group was fed the corresponding diet in a 16 single meal (0.9 -1% body weight), preceded the measurements.
17
Two 24-hour N-excretion cycles at 8-day intervals were performed for each diet in 18 duplicate tanks. Inlet and outlet water samples were taken regularly from each tank every 2
19
hours after a single meal (calculated to equalize N intake of the five dietary groups) to 20 measure total ammonia and urea-N concentrations. In each cycle one tank without any fish 21 was used for measuring blank values. The water of the system was totally replaced with pre-22 treated marine water the day preceding each measurement. Calculations of excretions were carried out according to Kaushik (1980) . 
Analytical methods

28
The diets and freeze-dried fish pool sampled for the analysis of whole body 29 composition were ground and analyzed for proximate composition according to AOAC (1980) 30 methods. Nutrient gains and retention efficiencies were calculated.
31
Total ammonia in plasma was determined spectrophotometrically after enzymatic
32
(GDH) reaction using a commercially available kit (Sigma 171-a). Plasma urea was 33 measured on deproteinized samples (TCA 3%) with diacetylmonoxime according to Aminot and Kerouel (1982) . Uric acid level in the plasma was assayed after reaction with uricase 1 using a commercial diagnostic kit (Sigma 684).
2
Water ammonia and urea concentrations were measured spectophotometrically 3 according to Solorzano (1969) and Aminot and Kerouel (1982) .
4
The activities of the OUC enzymes and GDH were assayed on the same liver sample 5 in duplicate according to Brown and Cohen (1959) and Bergmeyer (1974) (as a mammalian model known to have high CPS I activity) using different substrates and 32 activators or inhibitors to avoid potential interferences with CPS activities other than CPS III.
33
The assays showed expression of CPS I activity with a mitocondrial location in the mouse 34 liver extract while no measurable CPS III activity was found in the liver of the sea bass. Two other liver enzymes of the OUC (arginase -ARG and ornithine transcarbamoylase -OCT) 1 as well as glutamate dehydrogenase-GDH, which plays an important role in amino acid 2 transdeamination as a major pathway of ammoniogenesis in fish, were characterized for the 3 kinetic parameters listed in Table 4 . 
Nitrogen catabolites in plasma 20
Data analysis revealed no interaction between sampling time (pre-feeding (0 h) or 6h 21 after a single meal) and dietary treatment relative to plasma parameters. Table 5 shows that,
22
regardless of dietary treatment and as expected from previous investigations, total ammonia 23 and urea concentrations in plasma were significantly higher 6 h post-feeding in comparison 24 with those measured just before the meal. Plasma uric acid levels were not affected by the 25 blood sampling time.
26
The effect of dietary treatments on plasma total ammonia and urea levels are shown The daily pattern of total ammonia and urea excretions of sea bass fed the different diets are 7 presented in Figures 6 and 7. The pattern of total ammonia excretion was similar for the 5 diets with 8 peak levels reaching 6 hours post-feeding followed by decreasing values approaching almost pre-9 feeding rates 24 h after the meal. The urea-N excretion profiles also did not show major differences in pattern among the five dietary treatments. As shown in Table 6 , total N -11 excretion of sea bass (as the sum of TAN plus Urea-N) did not differ among dietary groups 12 and ranged between 42 and 47 % of the ingested nitrogen.
13
The absolute values of total daily ammonia excretion were not significantly affected meal based diets as it was observed for other carnivorous species (Hardy, 1996) . As corn 35 gluten and wheat gluten meal are known to be highly digestible in sea bass (Tulli et al., 2004) and are relatively poor in antinutritional factors such an effect can be ascribed partly to In contrast to OCT, whose kinetic parameters were quite low, liver arginase activity of enzymes such as GDH, which initiate amino acid catabolism (Cowey and Walton, 1989) .
34
However, most research in this field has dealt with diets with extreme protein levels. To date, the effects of disproportionate dietary levels of single amino acids on the activity of amino 1 acid-catabolizing enzymes and particularly on GDH have received little or no attention. It is 2 tempting to speculate that increased liver GDH activities in fish fed diets with a large surplus 3 of a single amino acid, as in the present experiment, could be a consequence of a dietary 4 amino acid imbalance, induced by excessive dietary arginine which in turn stimulated amino 5 acid catabolism in the liver. This assumption apparently seems inconsistent in this study 6 because increased liver GDH activities in fish fed excessive arginine were not coupled with a 7 concurrent rise in plasma ammonia or total ammonia excretion (see Figure 5 and Table 7 ).
8
Similarly, Kim et al. (1987) observed that rainbow trout liver GDH activity was not influenced and tissues other than the liver to ammonia production.
15
The daily patterns of ammonia and urea excretion observed in the present trial closely bass fed diets in which fish meal was partially replaced by maize or wheat gluten were found 30 in previous studies (Ballestrazzi et al., 1994; Robaina et al., 1999) . This was explained by Hepatosomatic index = (liver weight x 100)/ (body weight). 5 Mesenteric fat = (Mesenteric fat weight x 100)/ (body weight). 
